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INTRODUCTION
abundances. Sub-samples were fixed with glutaraldehyde (0.5% final concentration) for 15 minutes in the dark at 4ºC, frozen in liquid nitrogen and stored at 80ºC (Marie et al. 1999) . 146
Benthic sampling 147
The vertical distribution of bacteria and VLPs within carbonate reef sediments were 148 determined from 3 individual sediment cores (core inner diameter: 5 cm, penetration depth: 10 -149 12 cm) spaced 1 m apart and sectioned at 0 -0.5, 0.5 -1, 1 -2, 2 -3, 3 -4, 4 -5, 5 -6 and 6 -150 8 cm depths. Sediments from each section were pooled and homogenised and sterile 0.025 µm 151 filtered seawater (4.5 ml) and glutaraldehyde (2 % final concentration) added to 10 ± 0.05 g 152 sediment and samples stored at 4ºC for a maximum of 10 hours prior to extraction. To determine 153 any changes in bacterial and VLP abundances in response to the coral spawning event, cores 154 were sampled at 05:00 h daily for the duration of the study. Three sediment cores were sampled 155 as above and each core sectioned for three depths; 0 -0.5, 3 -4 and 6 -8 cm. Sediments from 156 each section were pooled, homogenised and fixed as above. Pooling sediments from the three 157 cores was done in order to keep number of samples and analysis at a manageable level. To 158 evaluate the natural spatial variability, on one occasion 5 cores spaced 1 m apart were sampled, 159 sectioned and fixed separately (not pooled) as above and bacteria and VLPs were extracted (see 160 below). We compared the spatial variance (spatial  2 ) (n = 5) with the total variance (total  2 ) 161 which was calculated from average bacterial and VLP abundances determined from the 3 depths 162 over the study duration (n = 10). Spatial  2 represented 22 % and 66 % of the total  2 for 163 bacterial and VLP abundances respectively. 164
Extraction of bacteria and VLPs from sediment 165
Bacteria and VLPs were extracted from sediment samples (10 g). Fixed sediment 166 samples were treated with Na 4 P 2 0 7 (sodium pyrophosphate; 10 mM final concentration) for 15 167 minutes at 4ºC. Samples were sonicated in a sonicator bath (2 cycles for 1 min, samples shaken transferred to new 50 ml tubes and 4.5 ml seawater (0.025 µm) was added back to the centrifuge 170 tubes containing the original sediment. The sonication-centrifugation step was repeated three 171 times in total. The resulting combined supernatent was vortexed and sub-samples (2  1 ml) 172 were frozen in liquid nitrogen and stored at -80ºC until analysis. 173
On one occasion, we also performed extractions with 1 g and 10 g sediment samples 174
because smaller sediment samples have been shown to lead to higher extraction efficiencies 175 (Siem-Jørgensen et al. in press). For 1 g sediments, methods for extraction were modified from 176 (Fischer et al. 2005) . Sediments were treated with sodium pyrophosphate (10 mM final 177 concentration) for 15 minutes at 4ºC. Samples were sonicated using a sonicator probe (50 W, 3 178 cycles for 20 s on ice, samples shaken manually for 10 s between cycles) and 4.5 ml of 0.025 µm 179 filtered seawater added. Samples were vortexed and allowed to settle for 30 s and duplicate 1 ml 180 supernatent sub-samples were frozen in liquid nitrogen and stored at -80ºC until analysis. In 181 accordance with Siem-Jørgensen et al (in press), we observed an increased extraction efficiency 182 using smaller sediment samples. On average, the efficiency for bacteria and VLP increased by a 183 factor of 1.9  0.09 and 3.4  0.12 (mean  SE), respectively, by reducing the sediment sample 184 from 10 g to 1 g. This has been corrected for in the data presented below. 185
Influence of gamete enriched sediment on bacteria and VLP abundances 186
In 2006, surface sediments (0 -1 cm) were collected the day prior to the first night of 187 coral spawning from the reef flat. Sediments were transferred into pre-rinsed 500 ml plastic jars 188 and jars were stored at in situ seawater temperature in a flow-through outdoor aquarium. 189
Spawned coral gametes were collected from the surface waters of individual aquaria which held 190 individual coral colonies (Acropora millepora, Platygyra daedalea and Favia sp.), within 1 h of overnight in pre-rinsed plastic jars at in situ seawater temperature. Eggs (total volume ~ 15 ml) were transferred onto Whatman 47 mm GF filters to remove excess seawater, transferred to a 50 194 ml centrifuge tube and stored at -20ºC for 24 h. Sediments (20 g) were added to each of nine 30 195 ml glass screw top vials. Thawed egg sub-samples (1 ml) were added to 6 vials, while 3 vials 196 served as controls. Three of the six treatment vials and all control vials were filled completely to 197 the top with 0.025 µm filtered seawater and flushed with N 2 gas to ensure anaerobic conditions. 198
The remaining 3 treatment vials were filled with 0.025 µm filtered seawater to 1 cm below the 199 vial rim to allow oxygen exchange between water and air in vials (aerobic conditions). Vials 200 containing sediments and seawater were continuously mixed on a temperature controlled mixing 201 table (24ºC). Sediment slurry sub-samples (1 g) were removed from vials (ensuring 202 predominantly sediment, and not seawater was collected) at 0, 3, 6, 12, 24 and 36 h and fixed in 203 glutaraldehyde (2 % final concentration) with the addition of 4.5 ml 0.025 µm filtered seawater. 204
Following removal of sediment slurry sub-samples, vials were filled with 0.025 µm filtered 205 seawater as above and anaerobically treated vials flushed with N 2 gas to maintain anaerobic 206 conditions. Bacteria and VLPs were extracted according to the 1 g extraction method described 207 above. 208
Flow cytometric analysis of bacteria and VLPs 209
Flow cytometry was used to enumerate bacteria and VLPs (Marie et al. 1999 ). All water 210 and sediment samples were diluted in TE buffer [10mM Tris, 1mM EDTA, pH 7.5] (1:5 for 211 seawater and 1:50 -1:100 for sediment) and stained with SYBR Green I (5:100,000 dilution) 212 (Molecular Probes). Stained samples were incubated in a water bath at 80ºC in the dark for 10 213 min (Marie et al. 1999 ). Flow cytometric analysis was performed using a Becton-Dickinson 214
FACSCanto flow cytometer, with phosphate buffered saline solution used as the sheath fluid. fluorescence and concentration. Acquisition was run for 2 min (400 -800 events per second,  218 40 ul -1 min -1 ) and data were collected as list-mode files. Bacteria and VLPs were discriminated Bacterial abundance in reef water exhibited a gradual decline from 0.86  10 6 ml -1 at the 290 start of the study to 0.45  10 6 ml -1 on November 22 nd (Fig. 3A) . A 2.0-fold significant increase 291 and the subsequent plateau in bacterial abundance occurred from the 22 nd to 25 th November. A 292 significant 2.4-fold decline in bacterial abundance followed from the 25th November to the end 293 of the study. Cumulative sums plots for bacterial abundance confirmed this trend whereby 294 successive values exhibited a positive increase from the 22 nd to 25 th November, indicating these 295 values were higher than the series mean ( Fig. 4A ). Following nights of major spawning, VLP 296 abundances were significantly lower than pre-spawning values. VLP abundance in reef water 297 expressed a significant decline over the course of the study from 3.27  10 6 ml -1 to 1.55  10 6 298 ml -1 ( = -0.69, p < 0.01, n = 10; Fig. 3A ). However, a slight but non-significant increase in VLP 299 abundance occurred on the 24 th November and lagged one day behind increased bacterial 300 abundances. Cumulative sum plots for VLP abundance showed two distinct periods over the 301 course of the study (Fig. 4A ). The first period (18 th to 21 st November) was characterised by 302 values above the mean and the second period (22 nd and 27 th November) showed values close to 303 or below the series mean. Values for virus-to-bacteria ratios (VBR), employed here to document 304 relative shifts occurring between the viral and bacterial communities (e.g. Wommack & Colwell 305 2000), ranged from 1.4 to 4.8 in reef water, with lowest VBR occurring in the days following the 306 nights of intense coral spawning ( Fig. 3B ). 307
Reef water bacteria and VLP abundances were not correlated over the duration of the 308 study, even when shifting the respective temporal dynamic forward or backward (all p > 0.05). 309
However, from the 18 th to the 22 nd a significant positive correlation between bacteria and VLPs 310 occurred ( = 0.80, p < 0.05, n = 5), further indicating shifts in bacterial and VLP dynamics 311 following the spawning period. The BIOENV analysis showed that the highest correlation between bacteria and VLPs in reef water occurred for a combination of two or three were further revealed when reef water bacteria and VLPs were combined, with DO and TN 317 appearing to be dominant factors driving reef water bacterial and VLP dynamics. 318
Bacteria and VLPs in reef sediment 319
The vertical microscale distribution of bacteria and VLPs within sediment varied by 1.5-320 fold and 2.1-fold respectively, however there were no clear trends in bacterial or VLP 321 abundances with depth (data not shown). In general all three sediment horizons remained at the 322 same level during the entire study period (Fig. 3C ). However on two occasions, short-lived peaks 323 in bacterial and VLP abundances followed soon after nights of most intense coral spawning ( Fig.  324 3C). These peaks exceeded reef water bacterial and VLP abundances by more than 3 orders of 325 magnitude. For example, on the 22 nd November, VLP abundance in surface sediments exceeded 326 pre-spawning values by up to 2.4-fold ( Fig. 3C) . Similarly, bacterial and VLP abundances 327 exceeded pre-spawning background levels by up to 4.6-fold and 4.2-fold respectively in the 3 -4 328 cm depth horizon on the 26 th November (Fig. 3C ). These elevated bacterial and VLP abundances 329 lagged 2 to 3 days behind maximum deposition rates of matter (Wild et al. 2008 ). Cumulative 330 sums plots of sediment bacteria and VLP abundances further revealed distinct inflection points 331 on the 24 th November and cumulative values following 24 th November were significantly higher 332 than the overall series means (Fig. 4B ). VBR in sediments ranged between 2.2 and 9.4 ( Fig. 3D ). 333
No clear trends could be distinguished even when VBR were averaged over the three sediment exhibited highly significant positive correlations (all  > 0.69, all p < 0.01). However it appeared 337 that surface sediments exhibited stronger bacterial and VLP dynamics than deeper layers ( Fig.  338 3C). The BIOENV analysis showed the highest correlation occurred when one single 339 environmental factor, TP, was correlated with sediment bacteria and VLP abundance data (Table  340 2). 341
Combined reef water and benthic trends 342
Neither bacteria nor VLPs within sediments were significantly correlated with bacteria or 343 VLPs in the water column (all p > 0.05). The BIOENV analysis revealed that for all water and 344 sediment parameters measured, the highest correlation occurred with a combination of DO, TN 345 and TP ( = 0.52, n = 10) ( Table 2 ). The second best correlation was similar ( = 0.50, n = 10), 346
and was achieved when depth, DO and TP were combined. 347 In contrast, bacterial abundances appeared to be less affected by tidal flushing and more 388 responsive to the input of labile organic matter from the spawning event. This was evidenced by 389 bacterial abundances increasing 2.1-fold 3 days following the first night of major spawning and 390 that they remained elevated for 3 days. These elevated bacterial abundances coincided with a 391 planktonic algal bloom and with elevated water column chlorophyll a concentration. As such, 392 the link between enhanced bacterial abundances and enhanced phototrophic activity can be best 393 explained by microbial exploitation of phytoplankton extracellular release rather that direct 394 prokaryotic mineralization of the spawning material (Glud et al. in press). 395
Response of bacteria and
The rapid decrease in both bacterial and VLP abundances from the 25 th to the 27 th 396
November coincided with calmest weather conditions, low tidal exchanges and maximum 397 deposition rates of particulate matter (Wild et al. 2008) . We hypothesise that scavenging by 398 sinking sedimenting spawning material may have been a dominant mechanism removing free 399 bacteria and viral particles from the water column following spawning. In aquatic environments, 400 there is limited information for the extent by which VLPs associate with organic aggregates. were not mutually exclusive from the overlying water during this study. On average 150 % and 481 250 % of bacteria and VLPs respectively were lost from the water column following mass coral 482 spawning. Assuming the loss was due solely to adsorption onto coral spawn material, that the 483 carbon content of one bacteria and virus particle is 20 and 0.2 fg C respectively (Wilhelm & 484 Suttle 1999), then for a reef rim area of 26.4 km 2 with an average water depth of 1.5 m, reef 485 water bacteria and VLPs would contribute to 1.4 % of the estimated 11.7 g C m -2 released as 486 coral eggs (Glud et al. in press) during the spawning period at Heron Island. While it is likely 487 that some proportion of this total carbon is advected offshore into inter-reefal areas, there are 488 still important implications for the removal of bacteria and VLPs from the water column, and the 489 potential deposition of water column bacteria and VLPs into sediments. Firstly, the loss of 490 bacteria and VLPs from the water column, in essence, leads to a reduction in the efficiency of 491 pelagic microbial loop nutrient cycling processes. This in-turn could then lead to increased 492 transfer of carbon to higher pelagic trophic levels. The occurrence of a planktonic phytoplankton 493 bloom one day prior to the dramatic decrease in bacteria and VLP abundances provides some 494 evidence for this. Secondly, in addition to carbon, bacterial cells contain nitrogen, phosphorous 495 and iron (Vrede et al. 2002) , while VLPs can be rich in phosphorous (Maruyama et al. 1993) . 
